Rice bran is one among many agricultural by-products containing ~50-60 wt.% of carbohydrate. The carbohydrate is a prominent sugar source for bioethanol production. The objective of this research was to study bioethanol production from rice bran by acid and enzymatic treatment. The variations of acid used were dilute hydrochloric acid and sulphuric acid, while variations of enzyme used were amylolytic and cellulolytic enzyme. Ethanol production of acid-hydrolyzed rice bran was 24.95±1.61% (v/v) by hydrochloric acid and 29.57±2.04% (v/v) by sulphuric acid. Ethanol produced by enzymatic hydrolysis was quite low i.e. 6.7±0.04%, and 8.86±0.29% (v/v) for amylolytic and cellulolytic hydrolysate, respectively.
Introduction
Energy consumption throughout the world has increased over the past decade including in Indonesia. The high fuel consumptions do not get compensated with the increasing of production. Fifty percent of energy consumption in Indonesia comes from fossil fuel which is a non-renewable energy source. The government is trying to tackle energy issues, particularly by focusing on renewable sources through national energy policy [1, 2, 3] . Bioethanol is an alternative fuel that can be used to reduce our demand on fossil fuel which has depleted the readily available oil sources [4] .
As previously reported, bioethanol is widely produced from various lignocellulosic residues such as agricultural byproducts of paddy i.e. rice straw, rice husk, and especially rice bran [4, 5, 6] . Rice bran is the main residue of rice milling and it accounts for ~11 wt.% of rice. Paddy is one of the most abundant agricultural by-products in Indonesia [7] . As one of rice producing countries in Asia, Indonesia supplies a million tonnes of rice annually and rice bran as by-product. The estimated rice bran generated was around 8.29 million tonnes in 2015 and 8.95 million tonnes in 2017. The amount was predicted to raise in 2018 [8, 9] .
The utilization of rice bran is mostly as livestock feed due to its high protein and nutrient content. Rice bran as substrate left over from production processes still contains a high amount of carbon [10] . Rice bran containing two major compounds, it is ~50-60% carbohydrates and ~20% lipid that can be applied [9, 11] . The carbohydrate content in rice bran is a potential source of sugar [11, 12] . It could be used to boost the value added of rice bran.
Several studies previously shown that rice bran was able to produce bioethanol [5, 10, 13, 14] . The application of rice bran as raw material in ethanol production not only will reduce waste material but also lower the bioethanol production cost. The usage of lignocellulosic materials including rice bran requires the treatment process either chemical or enzyme hydrolysis to degrade them into fermentable sugar [5, 15] . In this study, we compared the effectivity of acidic and enzymatic treatment to hydrolyze rice bran for bioethanol production by Saccharomyces cerevisiae.
Materials and Methods

Materials
Commercial rice brain was purchased from Merjosari Market, Dinoyo, Malang. Saccharomyces cerevisicieae, amylolytic bacterium and cellulolytic bacterium were obtained from Biotechnology and Biochemistry Laboratory, Chemistry Department, Universitas Islam Negeri Maulana Malik Ibrahim Malang. The growth media for yeast and bacteria, respectively, were YPGB (Yeast Peptone Glucose Broth) and NB (Nutrient broth). The chemicals used were hydrochloric acid 4%, sulphuric acid 4%, acetate buffer solution (0.2 M, pH 5), phosphate buffer solution (0.2 M, pH 7), DNS reagent and potassium chromate reagent.
Rice Bran Preparation
One hundred grams of rice bran were washed and sifted with 60 mesh. The determination of initial reducing sugar in sterilized rice bran was carried out with DNS method preceding the hydrolysis process [16] .
Inoculum Preparation
Preparation of inoculum was conducted to S. cereviceae and the bacteria. The yeast was inoculated on YPGB medium, while both bacteria were inoculated on NB medium. The cultures were kept on incubator shaker at 150 rpm, room temperature, 24 h [17] .
Acid Hydrolysis of Rice Bran
Hydrochloric and sulphuric acid were used for rice bran hydrolysis. Twenty grams of rice bran were mixed in 100 mL distilled water, the mixture was autoclaved at 121°C for 15 minutes. The sterilized mixture was added to each of the 100 mL of 4%(v/v) hydrochloric acid and sulfuric acid, separately. The mixture was heated to 100°C for 60 minutes in order to hydrolyze the sample. After that, the hydrolysate was cooled down to room temperature and filtered through filter paper to separate water-soluble components [18, 19] . Acid hydrolysis was performed in triplicate. The filtrate was measured of its reducing sugar by DNS method [16] . A calibration curve using glucose as the standard was established prior to sample measurement.
Enzymatic Hydrolysis of Rice Bran
Amylolytic and cellulolytic bacteria were used as enzyme source. Twenty grams of rice bran were suspended in 100 mL of acetate buffer and phosphate buffer solution, severally. Afterwards, 15 mL of amylolytic culture and cellulolytic culture were mixed with the sterilized suspension of acetate and phosphate buffer solution, respectively. The mixture was incubated for 24 h, 150 rpm, at room temperature to hydrolyze the sample. The hydrolysates were filtered through filter paper [17, 20] . This step was conducted in triplicate. Reducing sugar in filtrate was determined by DNS method [16] .
Production of Bioethanol
Four hydrolysates were adjusted to the pH 4.5 and sterilized in autoclave. The sterilized hydrolysates were added with 10% (v/v) of S. cerevisiceae culture and incubated for 72 h, at room temperature. Ethanol content in each hydrolysate was analyzed by modified potassium dichromate method [21] . Determination of ethanol content was carried out in triplicate. Sample measurement used ethanol as standard in the calibration curve.
Result and Discussion
Hydrolysis of Rice Bran
Rice bran contains sugar in the form of polysaccharides such as starch and cellulose. The amount of carbohydrate in RB varies depending on the variety and the original country. Total carbohydrate content in rice bran was 37.72% from Kaohsiung city, Taiwan [22] , 48.3% from Morelos, Mexico [12] and 48.55-52.33% from Assam, India [23] . The carbohydrate should be converted to glucose or disaccharide through hydrolysis preceding bioethanol production.
In this study, rice bran was hydrolyzed by acid and enzyme. The acids used were dilute hydrochloric and sulphuric acid, while the enzymes used were amylolytic and cellulolytic enzyme. The reducing sugar (glucose) of the initial rice bran was 0.107 g/L. Sharma et al. [24] revealed rice bran contains 3-8% of reducing sugar. Table 1 showed the amount of reducing sugar released after hydrolysis.
The highest conversion of polysaccharide to glucose in RB was performed by sulphuric acid ( Table 1) . Concentration of glucose produced by sulfuric acid hydrolysis (0.468 g/L) was twice higher than that of hydrochloric acid (0.221 g/L). It is indicating that sulfuric acid was more efficient than hydrochloric acid to convert polysaccharide in RB. Our result was in compliance with Sandi et al. [25] report which stated reducing sugar produced by sulphuric acid is higher than that of hydrochloric acid. In enzymatic hydrolyses, cellulose and amylase was able to release reducing sugar of 0.036 and 0.016 g/L. Amylolytic hydrolysis capacity to produce reducing sugar was twice lower than cellulolytic hydrolysis. Tanaka et al. [26] showed different result, in which the addition of amylase was more effective than cellulose. There is a presumption which causes amylase to have low activity to saccharify polysaccharide in RB. The milled RB composed of 27% of cellulose and 37% hemicellulose, with low amylose content (5.66%) [14, 27] .
Production of Bioethanol
In this work, bioethanol production was carried out by yeast, S. cerevisiae, to ferment reducing sugar (glucose). The amount of reducing sugar in hydrolysates was then converted to ethanol. The concentration of ethanol produced was 24.95 ± 1.61 %, 29.57 ± 2.04 %, 0.67 ± 0.04%, and 8.86 ± 0.29% (v/v) for hydrochloric acid, sulphuric acid, amylolytic and cellulolytic hydrolysate, respectively (Figure 1) . Figure 1 . Ethanol production using acid and enzyme mediated hydrolysate of rice bran.
The sugar content ( Table 1) was directly proportional to the quantities of the ethanol produced. The higher the sugar content, more ethanol can be produced. The bioethanol production from enzymatic treatment in this study was considerably low if we compared to Harismah et al. [14] with 17.31% (v/v) of production by the same treatment. However, rice bran subjected to acid treatment prior to fermentation produced higher bioethanol than of Harismah research.
Fermentation of sugarcane bagasse produced ethanol content of 14.8% (v/v) [28] . Sandi et al. [25] studied the highest bioethanol production from sea weed by Glacilaria sp. was around 8.92%. The bioethanol production from rice bran in this study was higher than the previous report.
Conclusion
It can be concluded that an agricultural by-product such as rice bran can be used as raw material for ethanol production. The reducing sugar concentration in rice bran varied depending on the type of hydrolysis implemented.
Bioethanol produced was 24.95±1.61, 29.57±2.04, 0.67± 0.04, and 8.86 ± 0.29% (v/v) for hydrochloric acid, sulphuric acid, amylolytic and cellulolytic hydrolysates, respectively.
